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PACACC.001CP1 PATENT 

REMOTE CONTROL INTERFACE FOR 
REPLACEMENT VEHICLE STEREOS 

Related Applications 

5 This is a continuation in part of U.S. patent application Serial No. 09/442,627 

filed November 17, 1999. 

Background of the Invention 

Field of the Invention 

The present invention relates to motor vehicle accessories and, in particular, 
10 concerns a device adapted to permit the use of after-market replacement stereos with 
factory installed remote stereo controls, such as steering wheel stereo controls and/or 
voice commands. 
Description of the Related Art 

Vehicles, such as automobiles, boats, and motorcycles, are often equipped with 
15 a stereo system at the factory. Over time, vehicles have been equipped with 

fj increasingly more sophisticated stereo systems that provide better sound performance 

and more features. These stereo systems are quite complex and are capable of playing 
^ cassette tapes and CDs and also provide radio reception. 

q Typically, the control units or receivers for these stereos are positioned adjacent 

if* 20 the driver's seat of the vehicle such that the driver can manipulate the stereo controls 
H while driving. While the stereo controls are typically positioned somewhat adjacent the 

Q' 

q driver, the stereo controls are generally not within the driver's field of view and also 

may require the driver to remove their hand from the steering wheel or handlebars of 
the vehicle in order to manipulate the stereo controls. This can create a potentially 

25 dangerous situation as the driver is now no longer grasping the driving controls with 

both hands and the driver's attention has been diverted from the path of travel of the 
vehicle to the stereo controls. Numerous accidents occur as a result of the driver 
directing their attention away from safely operating the vehicle. 

Moreover, the typical location for stereo controls is relatively inaccessible to 

30 some of the passengers. For example, if the stereo controls are located adjacent the 

driver in the front seat of a passenger automobile, the passengers in the back seat may 
not be able to access the controls to change the operation of the stereo. 
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To address these particular needs, vehicle manufacturers have begun to offer 
vehicles that have local stereo control buttons that are not positioned adjacent the stereo 
receiver but are positioned in more favorable locations for driver or passenger 
manipulation of the stereo controls. For example, many current production automobiles 
5 incorporate local stereo controls mounted on the steering wheel of the vehicle. These 

local stereo controls typically comprise push-button switches that allow the user to 
control the operation of the stereo, e.g., increase or decrease volume, change channels 
or change play format, by manipulating switches on the steering wheel. These types of 
local stereo controls reduce the likelihood that the driver's attention will be drawn away 
10 from the path of travel of the vehicle or from the operation of the vehicle while 

adjusting the stereo. 

Similarly, many passenger vehicles also incorporate local stereo controls that are 
located remotely from the stereo receiver in locations where passengers can control the 
operation of the stereo by manipulating the remote stereo control buttons. For example, 

15 some larger vehicles incorporate stereo control buttons positioned adjacent the backseat 

passenger location such that passengers can control the operation of the stereo unit that 
is mounted adjacent the driver in the front seat. 

While these local stereo controls improve the flexibility of controlling the stereo 
unit, these local stereo controls are generally rendered inoperable when the originally 

20 installed stereo receiver is replaced with a replacement stereo receiver. Oftentimes, the 

owners of vehicles become dissatisfied with the originally installed stereo and want to 
replace the originally installed stereo with a different after-market stereo unit. 
Typically, replacement stereo units are of higher quality and offer greater performance 
characteristics than the originally installed stereo unit. In addition, after-market stereos 

25 are typically less expensive than comparable factory stereos and offer a more 

economical replacement in case the original unit is stolen or damaged. 

However, installing these after-market stereo units typically renders the local 
stereo control buttons inoperable as these local stereo control buttons or switches are 
connected to the original stereo control unit or receiver via a hardwired assembly that is 

30 specifically designed to connect these local control buttons to the stereo control unit. 

The typical replacement stereo receiver is not typically configured to be able to readily 
connect or function with the hardwired local stereo controls. 
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One possible solution to this problem is to provide a handheld wireless remote 
control unit along with the replacement stereo receiver wherein the replacement stereo 
receiver is adapted to receive wireless signals from the handheld remote control unit. 
The person holding the handheld remote control unit can then control the operation of 
5 the replacement stereo unit without touching the controls on the front face of the stereo 
receiver. While a handheld remote control unit allows for people positioned remotely 
from the stereo receiver to control the operation of the replacement stereo, the handheld 
remote control devices are generally unsatisfactory for many vehicle drivers and 
passengers. 

10 In particular, the handheld remote control device is easily misplaced or lost or is 

not readily accessible to the driver or the passenger while the vehicle is in operation. 
Moreover, the handheld remote control device often requires the driver or the passenger 
to specifically point the device in the direction of the replacement stereo receiver so that 
the receiver can receive the appropriate wireless signal to change the operation of the 

15 stereo. If the driver of the vehicle is using the remote control, the driver may have to 

take their attention away from the path of travel of the vehicle and the operation of the 
vehicle, locate the appropriate buttons on the handheld remote control, and then point 
the handheld remote control in the direction of the stereo control receiver. Hence, while 
these handheld remote control units allow for remote control of a replacement stereo, 

20 they still do not provide the convenience of the local controls positioned in the vehicle 
that are adapted to be used in conjunction with the original stereo system. 

Recent advances in voice recognition technology and vehicle quieting have 
made it possible to implement voice activated controls in motor vehicles. The 2000 S 
Type Jaguar offers such a system as a factory option. A voice recognition system is 

25 able to recognize the sound pattern of a spoken word or phrase and enact a' 

corresponding action such as turning on high beams, locking a door, increasing the 
. volume of a stereo, etc. However, as a factory installed feature, typical voice command 
systems suffer the same limitations as local stereo controls; they work well with the 
factory-supplied features, but typically will not readily function with after-market 

30 equipment. Some replacement stereos are available with included voice recognition 
features, however, these stereos tend to be quite expensive and the voice recognition 
only works with that particular stereo. 



-3- 




From the foregoing, it will be appreciated that there is a need for a system that 
will allow existing local stereo controls to be used to control a replacement stereo 
system. To this end, there is a need for a system that will receive signals from local 
stereo control switches mounted within the vehicle designed to control the originally 
5 installed stereo and then provide appropriate signals to a subsequently installed stereo 
receiver. Furthermore, there is also a continuing need for a method to economically 
retrofit a voice recognition system to effectively control a variety of after market stereo 
systems and the like. 

10 Summary of the Invention 

The aforementioned needs are satisfied by the stereo control interface device of 
the present invention. In one aspect, the device is adapted to receive signals from local 
stereo controls located at positions within a vehicle that are remote from the stereo 
control unit or receiver and then translate the signals from the existing local stereo 

15 controls and produce output signals in a format which will change the function of the 

replacement stereo in the same manner that manipulation of the local controls would 
change the original stereo. 

In one particular embodiment, the local stereo controls comprise one or more 
switches or buttons located remotely from the stereo control unit which a user, such as a 

20 driver, can manipulate to control the operation of the stereo control unit. In this aspect, 
the local stereo control switches provide a signal to the interface device via hardwiring 
and the interface is adapted to receive the signal and then produce a corresponding 
wireless signal that is transmitted to a wireless receiver on the after-market replacement 
stereo control unit such that manipulation of the local stereo controls results in a 

25 corresponding control signal being sent to the after-market replacement stereo. 

In another aspect of the invention, the interface device is adapted to be 
programmable. The user can install the interface device and then program the interface 
to produce output signals that, when received by the replacement stereo control unit, 
will result in the stereo control performing an operation that corresponds to the 

30 operation activated by the local control positioned within the vehicle. 

In another aspect of the invention, an interface device is provided that is adapted 
to receive command signals from remote locations and then provide corresponding 
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signals to a stereo receiver so as to change the function and operation of the stereo 

receiver. In one particular aspect, the interface device recognizes audio commands and 

then produces corresponding signals that are recognizable by the stereo receiver. In one 

particular embodiment, the interface device is adapted to be used with replacement, 

5 after market stereo receivers that are adapted to receive wireless signals so as to permit 

remote control of the stereo receiver. The interface device is adapted to transmit 

wireless signals, such as IR signals, to the stereo receiver so as to control the function of 

the stereo receiver. In one embodiment, the interface device is designed to be 

programmable such that the interface can be taught to recognize particular spoken 

10 commands and send corresponding wireless signals to the aftermarket stereo receiver. 

It will be appreciated that the interface device is designed to permit remote 

operation of the stereo receiver either through the use of existing remote controls or 

through the use of voice commands. The interface device is designed to permit the use 

of remote signals with aftermarket stereo receivers which permits replacement of 

iJj 15 originally installed stereo control units. 
tJl 

ry It will be appreciated that the interface of the present invention allows for local 

;J stereo control devices, such as steering wheel switches or buttons, handlebar switches, 
or passenger switches, to continue to be used with replacement after-market stereo 

q control units that are replacing the original installed stereo control unit. The flexibility 

;j; 20 of using this device, in at least one aspect, is enhanced due to the interface being 

i t~ 

jsfe programmable by the installer. The additional ability to recognize voice commands and 

j» use them to control the features of a replacement stereo offers an additional 

convenience to the user. These and other objects and advantages of the present 
invention will become more fully apparent from the following description taken in 
25 conjunction with the accompanying drawings. 

Brief Description of the Drawings 
Figure 1 is an isometric view of a typical vehicle dashboard incorporating local 
stereo control buttons located on a steering wheel of the dashboard and located adjacent 
30 the backseat and further including an interface device and a replacement stereo control 
unit or receiver; 
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Figures 2A and 2B are top isometric illustrations of a motorcycle incorporating 
local stereo controls mounted on the handlebars of the motorcycle and an interface 
device that allows for the communication of signals from the local stereo controls to a 
replacement stereo receiver; 
5 Figure 3 is a schematic block diagram illustrating the basic configuration of the 

remote stereo control interface device of Figures 1 and 2; 

Figure 4A is a schematic electrical diagram of the circuitry of one embodiment 
of the remote stereo control interface device; 

Figures 4B and 4C are partial schematic illustrations illustrating alternative 
1 0 configurations of local stereo controls; 

Figure 5A is an exemplary flow chart illustrating the operation of a 
microcontroller of the remote stereo control interface device in a program mode; 

Figure 5B is an exemplary flow chart illustrating the operation of the 
?i microcontroller of the remote stereo control interface device in a run mode; 

!-H 15 Figure 6 is a block diagram showing the configuration of a voice control 

m 

jlj interface to enable voice commands to control a stereo or other parts of a motor vehicle; 

; J Figure 7 is a flow chart depicting the operation of the voice control interface in 

K the program mode of operation; and 

P Figure 8 is a flow chart depicting the operation of the voice control interface in 

jf; 20 the run mode of operation. 

i 

Detailed Description of the Preferred Embodiment 
Reference will now be made to the drawings wherein like numerals refer to like 
parts throughout. Figure 1 illustrates a perspective view of an exemplary vehicle 
25 interior incorporating the components of a remote stereo control interface system 100. 

The remote stereo control interface system 100 is comprised of factory installed local 
stereo controls 106 generally located in the center hub of a typical vehicle steering 
wheel 102. The local stereo controls 106 are used for the driver to make selections to a 
replacement after-market in-dash stereo 104, wherein these selections may include 
30 AM/FM, seek, volume up, volume down, play, etc. 

The advantage of making these desired selections with the local stereo controls 
106 is to reduce the occurrence of the driver moving his or her eyes away from the road 
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or hands away from the steering wheel 102 when making selections at the in-dash stereo 
104. Hence, the local stereo controls 106 are installed in the factory to give the driver 
greater convenience in controlling the operation of the factory installed stereo while 
driving. These local stereo controls 106 are typically hardwired to the factory installed 
5 stereo receiver such that replacement of the factory installed stereo receiver typically 

disables the local stereo controls 106. However, as will be described in greater detail 
below, a remote interface circuit 110 is adapted to be connected to the existing local 
stereo controls 106 and communicate with a replacement in-dash stereo 104 that 
replaces the original stereo receiver such that the existing local stereo controls 106 can 

10 be used to control the operation of the replacement in-dash stereo 104. 

In particular, the local stereo controls 106 are hardwired to the remote interface 
circuit 110 which is illustrated in phantom lines and is described in greater detail in 
reference to Figures 4 A, 4B and 4C below. The remote interface circuit 110, in this 
embodiment, is positioned within a casing 111 that is rectangular in shape, 

15 approximately 4.0 inches long, 2.0 inches wide and 2.0 inches in height. As is 

illustrated in Figure 1, the casing 1 1 1 is adapted to be mounted unobtrusively behind the 
dashboard 103 of the vehicle so as to be generally hidden from view. The remote 
interface circuit 110 is adapted to be connected to the local stereo controls 106 via the 
existing hardwiring of the vehicle and is also adapted to send signals to the replacement 

20 in-dash stereo 104 via a transmission cable 112. In this embodiment, the transmission 

cable 1 12 includes an output signal transmitter 154 (See, Figure 3) that is located in line 
of sight of a remote signal receiver (not shown) on the after-market in-dash stereo 104. 
The transmission cable 112 is illustrated with phantom lines and is generally 4 feet in 
length and is located in the vehicle dashboard 103 such that the tip of the transmission 

25 cable 112 that is comprised of the output signal transmitter 154 is positioned generally 

within close proximity of the in-dash stereo 104. 

Generally, the replacement in-dash stereo 104 is used in place of an original 
stereo receiver, such as the factory installed stereo receiver, that has been stolen or has 
become defective or out-of-date. It is fairly common that the replacement in-dash 

30 stereo 104 is lower in price and/or includes additional features over the original 

receiver. The replacement in-dash stereo 104 can be any of a number of after-market 
receivers, such as those manufactured by Panasonic, Clarion, Denon, Eclipse, JVC, 
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Kenwood, Pioneer, Sony, etc. The typical after-market in-dash stereo 104 is equipped 
with a wireless receiver, such as an infrared (IR) receiver, that is adapted to receive 
wireless signals from a handheld remote control 160. This enables the driver to use a 
handheld remote control 160 to adjust the stereo's operation, e.g., change channels, 
5 volume, etc. As will be described in greater detail below, the remote interface circuit 

1 10 is adapted to be programmed to produce wireless signals similar to those produced 
by the handheld remote control 160 that are recognizable by the after-market in-dash 
stereo 104 upon receipt of the corresponding signals from the local stereo controls 106. 
The remote interface circuit 110 can also be adapted to connect with one or 

10 more alternative local stereo controls 114, illustrated in Figure 1, wherein the alternative 
local controls 1 14 are positioned, in this embodiment, adjacent the rear seating area of 
the vehicle. The alternative local stereo controls 114 are shown in an exemplary 
location and it can be appreciated that the alternative local stereo controls 114 may be 
positioned almost anywhere in the vehicle suitable for remote function selection. These 

15 types of alternative local stereo controls 114 are typically positioned so that people 

sitting remotely from the in-dash stereo 104 can still control the basic functions of the 
in-dash stereo 104 such as changing the program, the channel, the volume, etc. 

The remote interface circuit 110 is connected to the existing hardwiring of the 
alternative local stereo controls 114 and is then programmed to provide appropriate 

20 signals to the replacement in-dash stereo 104 so as to be able to provide commands to 
the replacement in-dash stereo 104 corresponding to the commands of the selected 
alternative local controls 114. Hence, the remote interface circuit 110 can be used to 
receive signals from alternative local stereo controls 114 located anywhere within a 
vehicle such that the alternative local stereo controls 114 can be used to control a 

25 replacement in-dash stereo 104. 

Figures 2A and 2B illustrate another embodiment of a remote stereo control 
interface system 101, substantially similar to the remote stereo control interface system 
100 that is shown in Figure 1. In particular, Figure 2 A illustrates a top view of a typical 
motorcycle 116 with handlebars 120 for steering. It is commonly known that expensive 

30 stereo systems are used on many high-end motorcycles 116. Oftentimes, the 
motorcycle 116 is equipped with handlebar stereo controls 130 positioned on the 
handlebars 120 so that the rider does not have to remove his or her hands from the 
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handlebars 120 of the motorcycle 116 while changing radio channels, adjusting volume, 
adjusting play selection, and the like. However, these handlebar stereo controls 130 are 
also typically hardwired to the existing factory installed stereo receiver such that 
replacement of the factory installed stereo receiver often results in the handlebar stereo 
5 controls 130 being rendered inoperative. 

The remote stereo control interface system 101 can be adapted to utilize the 
factory mounted handlebar stereo controls 130 with a replacement stereo receiver 124 
by receiving the signals from the handlebar stereo controls 130 and transmitting a 
corresponding signal that is recognizable by the replacement stereo receiver 124 

10 mounted on the motorcycle 116. In particular, the remote stereo control interface 
system 101 also includes the remote interface circuit 110 that is positioned within the 
casing 111 (shown in phantom) that is hardwired to the existing handlebar stereo 
controls 130. The remote interface circuit 110 includes the transmission cable 112 that 
is positioned so that the output signal transmitter 154 is positioned generally within 

15 close proximity of the replacement stereo receiver 124. As discussed above, the 

replacement stereo receiver 124 is preferably equipped to receive wireless signals, such 
as IR signals, from the output signal transmitter 154 to change or adjust the replacement 
stereo receiver 124 operation. 

Figure 3 is a block diagram of the remote stereo control interface system 100 or 

20 101 of the preferred embodiment. The remote stereo control interface system 100 or 

101 incorporates a microcontroller 142 that is adapted to receive electrical signals from 
various switches, sensors and controls located in the vehicle for the purpose of 
controlling the replacement in-dash stereo 104. In particular the microcontroller 142 is 
adapted to receive a plurality of electrical signals from stereo controls, such as either the 

25 local stereo controls 106 or the alternative local stereo controls 114 of Figure 1, or the 

handlebar stereo controls 130 of Figures 2 A and 2B. The microcontroller 142 is also 
adapted to receive a signal from a detector stage 152 from the handheld remote control 
160. As is well understood in the art, the detector stage 152 is adapted to receive and 
demodulate a wireless signal sent by a handheld remote control 160 for the in-dash 

30 stereo 104. As discussed above, the in-dash stereo 104 is preferably adapted to receive 

IR signals from a handheld remote control 160. As will be described in greater detail 
below, the microcontroller 142 is preferably adapted to be able to receive, from the 
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handheld remote control 160, the wireless signal for controlling a particular stereo 
function, store this signal and then reproduce and broadcast this signal to the after- 
market in-dash stereo 104 when a driver or passenger in the vehicle activates a stereo 
control 106, 1 14 or 130 corresponding to the function of the stored signal. 

The microcontroller 142, in this embodiment, also receives a signal from a 
program mode select switch 150 that is attached to the casing 111 of the remote 
interface circuit 110. The program mode select switch 150 when selected, instructs the 
microcontroller 142 to enter a program mode, allowing the microcontroller 142 to learn 
and record the specific control functions selected on the stereo controls 106, 114, 130 
and the handheld remote control 160. These signals are stored in non- volatile memory 
144 located on-board the remote interface circuit 110. It will be appreciated that the 
pre-selected specific control functions selected on the stereo controls 106, 114, 130 and 
the handheld remote control 160 will not be lost upon the removal of vehicle power 
when the ignition is switched off to the remote interface circuit 110 and the 
microcontroller 142. The microcontroller 142, when not in a program mode, may be in 
a run mode or an off state. A flowchart of the program mode and run mode shall be 
discussed in reference to Figures 5A and 5B below. 

The microcontroller 142 is also adapted to output electrical signals to various 
output and display devices. In particular, the microcontroller 142 communicates data 
and instructions to the stereo receiver 104 via an output signal transmitter 154 located at 
the tip of the transmission cable 112. During the run mode of operation, the output 
signal transmitter 154 in combination with the microcontroller 142 generates a carrier 
signal with modulated data and instruction information, wherein this information is 
transmitted to the after-market stereo receiver 104 for the purpose of wireless stereo 
function selection and modification. 

Other output devices attached to the microcontroller 142 include a local stereo 
control indicator 156 and a handheld remote learn indicator 162, The local stereo 
control indicator 156, in this embodiment, is a light emitting diode (LED) and provides 
the programmer a visual indication of the status of the programmability of each stereo 
control 106, 114, 130 function in the manner that will be described in greater detail 
hereinbelow. Furthermore, the handheld remote learn indicator 162 is controlled by the 
microcontroller 142 and provides the programmer a visual indication of the status of the 
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programmability of each corresponding handheld remote instruction transmitted by the 
handheld remote control 160. The function of the indicators 156, 162 will be described 
in greater detail in reference to Figures 5 A and 5B hereinbelow. 

Figure 4A is a schematic circuit diagram of the remote interface circuit 110, 
5 wherein the remote interface circuit 110 is comprised of the microcontroller 142, the 

non- volatile memory 144, a plurality of inputs to the microcontroller 142 and outputs 
from the microcontroller 142. In particular, in this embodiment, the local stereo 
controls 106 form a voltage divider network that connects to the vehicle ignition voltage 
source. As a local stereo control 106 is selected, the corresponding resistive network is 

10 'placed' in the circuit and the voltage drop across this resistive element is applied to an 

analog-to-digital input port of the microcontroller 142. The resistive network of the 
local stereo controls 106 is comprised of a plurality of resistors (Rv, Rw, Rx, Ry, etc.) 
in a series configuration along with a plurality of corresponding switches (Swl, Sw2, 
% z Sw3, Sw4, etc.). One side of each of the switches (Swl, Sw2, Sw3, Sw4, etc.) is 

15 connected together and in a series configuration with resistor Rj which is located on- 

1 

pj board the remote interface circuit 110. 

In operation, the local stereo controls 106 operate as follows. When the user 
^ manipulates one of the local stereo controls 106 thereby activating one of the switches 

q Swl - Sw4, etc., the vehicle ignition voltage source is dropped by the corresponding 

|f 5 20 resistor Rv - Rz, etc. so that a particular voltage signal is produced. This particular 

H voltage signal can then be provided to the original stereo which is programmed to 

recognize the particular voltage signal as corresponding to a signal to implement a 
particular stereo function. For example, depressing switch Swl may instruct the factory 
stereo to increase the volume by a particular amount or it may instruct the stereo to 
25 change the radio channel to a different preset station. 

In the implementation shown in Figure 4A, the voltage signal from the local 
stereo controls 106 is provided to the microcontroller 142. As will be described in 
greater detail below, the microcontroller 142 is preferably configured to receive a 
particular voltage signal and then produce a corresponding wireless signal that will 
30 result in the replacement in-dash stereo 104 changing function in the same manner that 

the factory installed stereo would change function in response to receiving the same 
voltage signal. In particular, in one embodiment, the remote interface circuit 110 is 
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designed to produce IR signals that correspond to the signals received from the stereo 
controls 106, 114 or 130. 

As illustrated in Figure 4A, in this implementation, a plurality of different 
voltage signals are sent to the microcontroller 142 in response to the user activating the 
plurality of different switches Swl - Sw4. The voltage from the switches Swl - Sw4 is 
preferably provided to an analog-to-digital converter (A-to-D). In one embodiment, the 
microcontroller 142 is programmable and the converted digital signal from the switches 
Swl - Sw4 can be stored in the non- volatile memory 144 such that when the 
microcontroller 142 receives this signal, the stored digital signal can be referenced to 
produce a corresponding wireless signal in the manner that will be described in greater 
detail below. 

In the illustrated embodiment, a GM-Chrysler selector switch 151 is also located 
on-board the remote interface circuit 110. In particular, the remote interface circuit 110 
incorporates the GM-Chrysler selector switch 151 such that when placed in the GM 
position allows for a voltage drop produced across R2 to be fed to another A-to-D input 
port of the microcontroller 142. As with the voltage divider networks configured within 
the local stereo controls 106, the series combination of resistor Rl and R2 also form a 
voltage divider network with a tap formed at the node of Rl and R2 and the vehicle 
ignition again serving as a voltage excitation source. The sampled voltage by the 
microcontroller 142 at this Rl and R2 node forms a reference voltage level against 
which the same ignition voltage excites the network formed by the local stereo controls 
106 and produces selected output voltages. A software algorithm that runs in the 
microcontroller 142 measures these voltages and provides compensation for voltage 
fluctuations that occur on the vehicle ignition when the vehicle is a General Motors 
product. Moreover, when the GM-Chrysler selector switch 151 is placed in the 
Chrysler position, the reference voltage now becomes VDD (+5VDC) shown in Figure 
4 A at output pin 3 of voltage regulator U3. Chrysler vehicles currently use a regulated 
+5 VDC supply that does not change with ignition voltage conditions. 

Hence, in this embodiment, the remote interface circuit 1 10 is configurable so as 
to be adapted for more than one different make or model of vehicle. It will be 
appreciated that the electrical systems of different makes and models of vehicles vary 
from vehicle to vehicle. In this particular embodiment, the remote interface circuit 110 



-12- 



can be made as universal as possible such that a single device can be configured to be 
used with many different types of vehicles. 

As is also illustrated in Figure 4A, the microcontroller also receives an input 
signal from the IR detector stage 152, wherein the detector stage 152 is formed by the 
5 transistor Q2. The transistor Q2 is an IR detector device adapted to accept modulated 

commands and data from the handheld remote control 160 that is provided with the 
after-market replacement stereo receiver 104. As discussed above, the after-market 
stereo receiver 104 is preferably adapted to receive wireless signals from the handheld 
remote control 160 to control stereo function. In this embodiment, the remote interface 
10 circuit 110 is adapted to be able to receive and store the wireless signals from the 
handheld remote control 160 so that the remote interface circuit 110 can be 
programmed to reproduce a wireless signal corresponding to the signal produced by a 
local stereo control 106. 

In this embodiment, the remote interface circuit 110 receives a modulated carrier 
;{] 15 signal from the handheld remote control 160 that. is then provided to the microcontroller 

jtj 142. In particular, the modulated carrier signal is provided by the detector stage 152 to 

a bi-directional input-output port of the microcontroller 142. Subsequently, the data 
pattern received by the microcontroller 142 from the detector stage 152 is stored in the 
q non- volatile memory 144 via a serial data transfer link from the microcontroller 142 

Tt 20 that has two pull-up resistors R10 and Rll. As will be described in greater detail 
M=. below, this stored data pattern can be retrieved at a later time for use in the run mode 

q such that the remote interface circuit 1 10 can reproduce the wireless signal produced by 

the handheld remote control 160 to change a stereo function in response to receiving a 
corresponding command from the local stereo controls 106. 
25 In this embodiment, the microcontroller 142 receives several other inputs 

including inputs from a program mode switch 150. The program mode switch 150 is 
mounted on the PC board and extends through the casing 1 1 1 such that a programmer 
can depress the switch and place the microcontroller 142 in a program mode whereby 
the microcontroller 142 can be programmed in the manner described below in 
30 conjunction with Figure 5A. 

The remote interface circuit 110 also includes several output devices including a 
local stereo control indicator 156 comprised of an LED D4 that is mounted on the PC 
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board and is visible through the casing 111. The microcontroller 142 is adapted to 
provide a visual indication, via the local stereo control indicator 156, to the programmer 
when the microcontroller 142 has received a signal from the local stereo controls 106. 

Similarly, the interface circuit 110 also includes a handheld remote learn 
5 indicator 162 that is comprised of an LED D2 in series with a current limiting resistor 

R9 connected to the microcontroller 142. The handheld remote learn indicator 162 is 
preferably mounted to the casing 1 1 1 so as to be visible by the programmer and the 
microcontroller 142 is programmed so as to be able to provide a visual indication to the 
programmer when the microcontroller 142 has received a signal from the handheld 

10 remote control 160. 

The remote interface circuit 110 also includes the output signal transmitter 154 
which is comprised of an IR LED D3, a driver transistor Ql, a series base current 
limiting resistor R4, a current limiting resistor R5 and the output switching port at pin 
10 of the microcontroller 142. The IR LED D3 is capable of reproducing the wireless 

15 signals previously stored in the memory 144. The output signal transmitter 154 receives 

these signals via the transmission cable 112 so that the wireless signals can be 
transmitted to the replacement in-dash stereo 104 in a manner that will be described in 
greater detail in conjunction with Figures 5A and 5B. 

Figure 4A also illustrates a crystal controlled clock 153 comprised of a 4 MHz 

20 crystal Yl in parallel with capacitors C2 and CI to form an oscillator and which 
provides a clocking signal to the microcontroller 142. Moreover, the remote interface 
circuit 110 also includes a voltage regulator circuit 155 that is comprised of a voltage 
regulator U3, an output filter capacitor C4, and an input filter capacitor C3. The voltage 
regulator U3 provides a steady state +5vdc output which is adapted to supply the 

25 excitation voltage for the non-volatile memory 144, the microcontroller 142, the 

detector stage 152, and the output signal transmitter 154. 

Figure 4A illustrates one particular implementation of the remote interface 
circuit 110. As illustrated, the remote interface circuit 110 receives signals from local 
stereo control devices, such as steering wheel buttons or switches, passenger switches, 

30 handlebar switches and the like, and then translates these signals into signals that are 
recognizable by the replacement in-dash stereo 104. In this particular implementation, 
the interface circuit 110 provides corresponding wireless signals, such as IR signals, to 
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the replacement in-dash stereo 104 upon receipt of corresponding input signals from the 
local stereo controls 106. It will be appreciated that the exact configuration of the 
remote interface circuit 110 can vary depending upon the configuration of the vehicle 
and the replacement stereo receiver 104 without departing from the present invention. 
For example, Figures 4B and 4C illustrate several other manners in which local stereo 
controls 106 are implemented in different types of vehicles. 

Figure 4B illustrates an alternative configuration of a local stereo control 106', 
which uses a resistor ladder configuration such that each switch closure selection on the 
local stereo control 106' connects a different value resistor to the vehicle ground. In 
particular, if switch Swl is depressed on the local stereo control 106', then resistor Ra 
will be placed in series with fixed resistor Rk and +5vdc will provide the excitation 
voltage across the combined resistance of (Ra + Rk) producing a specific voltage drop 
across Ra. This specific voltage drop across Ra is fed to an A-to-D input port of the 
microcontroller 142 that corresponds to the selected switch function Swl. Moreover, 
sequential switch selections by Swl, Sw2, Sw3, etc. create specific voltage drops that 
are sampled by the microcontroller 142 and are used in both the program mode and the 
run mode in the previously described manner. 

Similarly, Figure 4C illustrates another embodiment of a local stereo control 
106" used by a number of automobile manufacturers. In particular, this embodiment is 
shown with a microprocessor and a plurality of switches, wherein each switch closure 
on the local stereo control 106" generates a unique serial data command that is adapted 
to be accepted by the microcontroller 142 via a digital input port. 

Figure 5 A is a flowchart which illustrates a program mode 210 of operation of 
one embodiment of the remote interface circuit 110 wherein a programmer programs 
the remote interface circuit 110 to send appropriate wireless signals to an after-market 
in-dash stereo 104 in response to receiving signals from local stereo controls 106. 
Advantageously, the remote interface circuit 110 can be programmed by the 
programmer using the vehicle's local stereo controls 106 and the handheld remote 
control 160. The programmer simply manipulates a particular stereo control 106, 114, 
130 and then depresses a corresponding button on the handheld remote control 160 to 
program the remote interface circuit 110 so that the remote interface circuit 110 can 
send the appropriate wireless signal to the replacement in-dash stereo 104. 
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In particular, as shown in Figure 5 A, the microcontroller 142, from a start state 
200, checks the configuration of the microcontroller 142 ports in state 202 and 
determines, in decision state 204, whether the program mode switch 150 located on the 
casing 1 1 1 of the remote interface circuit 1 10 has been selected. If the microcontroller 
142 determines, in decision state 204, that the program mode switch 150 has not been 
selected, the microcontroller 142 then enters a run mode 206, wherein the 
microcontroller 142 is in an operational state that will be described in greater detail in 
reference to Figure 5B. 

If the microcontroller 142 has determined, in decision state 204, that the 
program mode switch 150 was selected, the microcontroller 142 enters the program 
mode 210 and performs a visual indication, in state 210, that the microcontroller 142 is 
awaiting a control signal from the local stereo controls 106. In this embodiment, the 
microcontroller 142 illuminates the local stereo control indicator 156 located on the 
casing 1 1 1 of the remote interface circuit 110. 

The microcontroller 142 waits to receive a signal from the local stereo controls 
106 in state 212. In particular, the programmer selects one of the stereo controls 106, 
114, 130 and this results in a stereo control signal being provided to the microcontroller 
142 in the manner described above. The microcontroller 142 then ascertains, in 
decision state 214, whether the local stereo control signal has been received. If the 
microcontroller 142 determines that a local stereo control input has been received, the 
microcontroller 142 stores the local control signal in the non- volatile memory 144 in 
state 216. The microcontroller 142 also provides a visual indication of 
acknowledgement to the programmer that the control signal was received in state 220, 
wherein the light emitting diode D4 of the local stereo control indicator 156 is activated. 

The microcontroller 142 then provides, in state 222, a visual indication to the 
programmer that the microcontroller 142 is awaiting a remote signal from the handheld 
remote control 160. The visual indication to the programmer is provided by the 
handheld remote learn indicator 162, wherein the light emitting diode D2 located on- 
board the remote interface circuit 1 10 is turned on. The microcontroller 142 then awaits 
a signal from the handheld remote control 160 in state 224. The signal from the 
handheld remote control 160 is produced in response to the programmer depressing a 
button that has the same function as the stereo control 106, 114 or 130 previously 
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activated by the programmer and detected by the microcontroller 142 in state 212. The 
signal is provided by the handheld remote control 160 to the microcontroller 142 via the 
signal detector stage 152 in the previously described manner. 

The microcontroller 142 continues to await the signal from the handheld remote 
5 control 160 until the microcontroller 142 determines, in decision state 226, that such a 

signal has been received. Once the remote control signal is received, the 
microcontroller 142 stores the received remote control signal pattern to non- volatile 
memory 144, in storage state 230, and preferably, in association state 232, associates 
the wireless remote signal pattern to the corresponding control input defined in state 

10 216. In this embodiment, the association or mapping is done by storing the signal 
corresponding to the received wireless signal from the handheld remote control 160 in a 
data location in the non- volatile memory 144 adjacent the data location for the 
corresponding local stereo control signal. Hence, for each local stereo control signal, a 
corresponding handheld remote control signal can be stored in the non-volatile memory 

15 144 such that subsequent activation of the stereo controls 106, 114, 130 will enable the 

microcontroller 142 to recall the corresponding wireless signal from the non- volatile 
memory 144 and produce the corresponding wireless signal via the output signal 
transmitter 154 in a manner that will be described in greater detail below. 

Upon the completion of the association state 232, the microcontroller 142 

20 determines, in decision state 234, whether the programming has been completed. If the 
programming has not been completed the microcontroller 142 returns to a state 210 
where the microcontroller 142 awaits the next stereo control 106, 114, 130 signal. In 
this way, the programmer can continue programming the remote interface circuit 1 10 to 
store input signals from the local stereo controls 106 mounted within the vehicle and 

25 also store and map corresponding input signals from the handheld remote control 160 

that is used to control the replacement stereo. If the programming has been completed, 
the microcontroller 142 enters a run mode 206. 

Figure 5B is a flow chart which illustrates the operation of the remote interface 
circuit 110 in a run mode 206 wherein the remote interface circuit 110 can receive 

30 signals from any of the stereo controls 106, 114, 130 and then provide corresponding 
output signals that are recognizable by the replacement in-dash stereo 104. In 
particular, the microprocessor 142, from a start state 250, awaits a control signal from 
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the stereo controls 106, 114, 130 in state 252. As discussed above, the stereo controls 
106, 114, 130 can be comprised of the local stereo controls 106 or the alternate stereo 
controls 114 or both, illustrated in Figure 1, the handlebar stereo controls 130 from a 
motorcycle 1 16, illustrated in Figures 2 A and 2B, or any other control that is remotely 
5 located from the face of the in-dash stereo 104. 

Upon the microprocessor 142 determining, in decision state 254, that a local 
control signal has been received from the local stereo control 106, the microcontroller 
142 then matches, in state^52^the received local control signal with a previously stored 
output signal in the memory 144. As discussed above in connection with the 
10 description of the program mode 210 of the microcontroller 142 in Figure 5 A, by 

sequentially programming each of the stereo controls 106, 114, 130 with the 
corresponding button on the handheld remote control 160, the microcontroller 142 is 
able to map these two signals such that the microprocessor 142 is capable of recalling 
the corresponding output signal from the non- volatile memory 144. In other words, the 
|{] 15 microcontroller 142, upon receipt of the input signal from the local stereo control 106, 

it? ! 

PJ recalls, from the memory 144, a digital signal that can then be used to generate an 

:iS appropriate output signal via the output signal transmitter 154 that will be recognizable 

>~ by the replacement in-dash stereo 104. 

□ The microcontroller 142 then determines, in decision state 260, whether a match 

j iT" 

S^n 20 has occurred and, if a match has occurred, the microcontroller then recalls the 
corresponding remote signal pattern from the memory 144, in state 262, and then 

□ outputs the appropriate IR signal via the output signal transmitter 154, in state 264. As 
discussed above, the replacement in-dash stereo 104 is preferably adapted to receive 
signals, such as wireless signals, including I/R signals, from the handheld remote 

25 control 160. Preferably, the microcontroller 142 is programmed such that it is capable 

of reproducing the same wireless signal that would be provided by the handheld remote 
control 160. 

Hence, the user can program the remote interface circuit ^10 such that controls, 
such as increase or decrease volume, change channels and the like, on the steering 
30 wheel 102 or some other remote location within the vehicle can be used to generate 
corresponding wireless signals from the remote interface circuit 110. The remote 
interface circuit 110 thereby allows factory installed vehicle remote controls for a 
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factory stereo to continue to be used with a replacement stereo receiver. This greatly 
increases the flexibility for individuals wishing to replace their factory stereos as it does 
not eliminate the utility of the remote vehicle controls. 

Figure 6 illustrates another embodiment of the present invention in which a 
5 voice control interface 108 is adapted to respond to spoken voice commands 310 and 
transmit corresponding signals to an aftermarket in-dash stereo 104. The voice 
commands 310 are spoken words or phrases that a user desires to use to control features 
of a motor vehicle, such as a stereo control unit or receiver. The voice control interface 
108 functions in a similar manner to that previously described for the remote control 

10 stereo interface system 100 with local stereo controls 106 except that the inputs to the 
voice control interface 108 are spoken voice commands 310 rather than the 
manipulation of local stereo controls 106. Otherwise the components, functions, and 
features of the voice control interface 108 are substantially similar to those previously 
described for the remote control stereo interface 100. 

15 The voice control interface 108 comprises a microphone assembly 105 and a 

voice recognition module 107. The microphone assembly 105 is adapted to transduce 
voice commands 310 in the normal range of human hearing from approximately 20 Hz 
to 20kHz and send a corresponding analog electrical signal along an attached cable in a 
manner well known in the art. The microphone assembly 105 is a commonly available 

20 industry standard miniature microphone. A first end of the microphone assembly 105 is 
connected to an input of the voice recognition module 107. A second end of the 
microphone assembly 105 is placed adjacent the driver or passenger so as to readily 
pick up voice commands 310. The microphone assembly 105 is preferably placed 
behind the dashboard 103 or in another location so as to be unobtrusive to the driver or 

25 passengers. 

The voice control interface 108 also comprises a voice recognition module 107. 
The voice recognition module 107 is preferably a speaker-dependent commercially 
available item such as the type HM2007 available from Images Company of Staten 
Island, NY or the Voice Direct™ 364 available from Sensory, Inc. of Sunnyvale, CA. 

30 The voice recognition module 107 is provided with on-board memory to store digitized 
sound patterns. The voice recognition module 107 is provided with inputs adapted to 
receive analog electrical signals from the microphone assembly 105. The voice 
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recognition module 107 includes an analog- to-digital converter (A-to-D). The A-to-D 
continuously converts the analog signals received from the microphone assembly 105 to 
digital equivalents. The voice recognition module 107 continuously compares the 
digitized audio patterns to stored voice command 310 patterns. When the voice 
5 recognition module 107 recognizes a match with a stored voice command 310, the voice 
recognition module 107 sends a serial digital signal corresponding to the stored voice 
command 310 to a microcontroller 142 via the outputs of the voice recognition module 
107 in a manner well known in the art. 

The voice control interface 108 also comprises a microcontroller 142. The 
10 microcontroller 142 is adapted to receive electrical signals from the voice recognition 

module 107 and the microphone 105 for the purpose of controlling the replacement in- 
dash stereo 104. The microcontroller 142 is also adapted to receive a signal from a 
detector stage 152 from a handheld remote control 160. As is well understood in the 
;^ art, the detector stage 152 is adapted to receive and demodulate a wireless signal sent by 

\P* 15 a handheld remote control 160 for the in-dash stereo 104. As will be described in 

fy greater detail below, the microcontroller 142 is preferably adapted to be able to receive, 

■?f from the handheld remote control 160, the wireless signal for controlling a particular 

M stereo function, store this signal and then reproduce and broadcast this signal to the 

i: 

q after-market in-dash stereo 104 when a voice command 310 is spoken corresponding to 

~= 

;|! 20 the function of the stored signal 

M The voice control interface 108 also comprises non- volatile memory 144. The 

i= non-volatile memory 144 is adapted to store digital messages corresponding to the IR 

patterns sent by the handheld remote control 160 and be able to provide these messages 
to the microcontroller 142 as needed in the manner previously described. 
25 The voice control interface 108 also comprises a transmission cable 112. In this 

embodiment, the transmission cable 1 12 includes an output signal transmitter 154 that is 
located in line of sight of a remote signal receiver (not shown) on the after-market in- 
dash stereo 104. The transmission cable 112 is generally 4 feet in length and is 
positioned in the vehicle dashboard 103 such that the tip of the transmission cable 112 
30 that is comprised of the output signal transmitter 154 is positioned generally within 

close proximity of the in-dash stereo 104. The transmission cable 112 is connected to 
the microprocessor 142 and the transmission cable 112 and attached output signal 
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transmitter 154 are adapted to transmit wireless IR signals that the microcontroller 142 
has retrieved from the non- volatile memory 144 and which correspond to control 
signals sent by the handheld remote control 160. 

The voice control interface 108 also comprises a voice command select switch 
109. The voice command select switch 109 in this embodiment is a ten position rotary 
switch of a type well known in the art. The voice command select switch 109 is 
connected to the microcontroller 142 and allows the voice control interface 108 to learn 
up to ten different voice commands 310 in a manner that will be described in greater 
detail below. 

The voice control interface 108 also comprises a learn voice command indicator 
158 and a handheld remote learn indicator 162. The learn voice command indicator 158 
and handheld remote learn indicator 162 are light emitting diodes (LED's) and provide 
the user a visual indication of the status of the programmability of voice commands 310 
in a manner that will be described in greater detail below. 

The voice control interface 108 also comprises a program mode select switch 
150. The program mode select switch 150, when selected, instructs the microcontroller 
142 to enter a program mode, allowing the microcontroller 142 to learn and record the 
specific voice commands 310 and IR command signals from the handheld remote 
control 160 in a manner that will be described in greater detail below. 

It can be appreciated that the voice control interface 108 can be readily adapted 
to function with the local stereo controls 106 previously described in conjunction with 
the voice commands 310 herein described. The voice control interface 108 can also be 
readily provided with auxiliary outputs 334 adapted to control other features of a motor 
vehicle such as raising and lowering windows, locking or unlocking doors, moving 
seats, switching on headlights, etc. The auxiliary outputs 334 can be adapted to control 
the features of the vehicle directly or can operate relays and the like in a manner well 
understood by those skilled in the art. 

Figure 7 shows the operation of the voice control interface 108 in a program 
mode 320. From a power on 300 state, the voice control interface 108 determines the 
position of the program mode select switch 150 in a decision state 302. If the voice 
control interface 108 determines, in the decision state 302, that the program mode select 
switch 150 is in the program position, the voice control interface 108 enters the program 
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mode 320. The user then positions the voice command select switch 109 to the desired 
position, in a state 303. The voice command select switch 109 allows the user to select 
and program up to ten different voice commands 310. 

The voice control interface 108 provides an indication, in state 304, that the 
5 voice control interface 108 is ready to receive and program a voice command 310. The 
indication in state 304 is provided by the learn voice command indicator 158 
illuminating. While the voice control interface 108 is indicating, in state 304, that the 
voice control interface 108 is ready to receive and program a voice command 310, the 
voice control interface 108 determines, in decision state 306, whether a voice command 

10 310 has been received by the voice control interface 108. Once the user speaks a voice 
command 310, the voice recognition module 107 digitizes and stores the sound pattern 
of the voice command 310 in the on-board memory location corresponding to the voice 
command 310 selected by the voice command select switch 109 in a storage state 308. 

The voice control interface 108 then provides, in state 312, a visual indication to 

15 the programmer that the voice control interface 108 is awaiting a signal from the 

handheld remote control 160. The visual indication to the programmer is provided by 
the handheld remote learn indicator 162, wherein the light emitting diode D2 is turned 
on. The voice control interface 108 then awaits a signal from the handheld remote 
control 160, in state 312. The signal from the handheld remote control 160 is produced 

20 in response to the programmer depressing a button that has the same function as the 

voice command 310 previously spoken by the programmer and stored by the voice 
recognition module 107, in state 308. The signal is provided by the handheld remote 
control 160 to the voice control interface 108 via the signal detector stage 152 in the 
previously described manner. 

25 The voice control interface 108 awaits a signal from the handheld remote control 

160 until the voice control interface 108 determines, in decision state 314, that such a 
signal has been received. Once the remote control signal is received, the voice control 
interface 108 stores the received remote control signal pattern to non- volatile memory 
144, in storage state 316, and preferably, in association state 318, associates the wireless 

30 remote signal pattern to the corresponding voice command 310 defined in state 308. In 

this embodiment, the association or mapping is done by storing the signal 
corresponding to the received wireless signal from the handheld remote control 160 in a 
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data location in the non- volatile memory 144 adjacent the data location for the 
corresponding voice command 310. Hence, for each voice command 310, a 
corresponding handheld remote control signal can be stored in the non-volatile memory 
144 such that subsequent speaking of the voice command 310 will enable the 
microcontroller 142 to recall the corresponding wireless signal from the non- volatile 
memory 144 and produce the corresponding wireless signal via the output signal 
transmitter 154 in the manner previously described. 

Upon the completion of the association state 318, the voice control interface 108 
determines, in decision state 302, whether the program mode 320 is still selected. If the 
programming has not been completed the voice control interface 108 returns to state 
303 where the user selects the next voice command 310 via the voice command select 
switch 109 and the voice control interface 108 awaits the next voice command 310. In 
this way, the programmer can continue programming the voice control interface 108 to 
store additional voice commands 310 and also store and map corresponding input 
signals from the handheld remote control 160. The voice control interface 108 provides 
the ability to write over programmed voice commands 310 thereby allowing the user to 
change the voice command 310 wording or to allow a subsequent user to reprogram the 
voice control interface 108 to recognize their voice patterns. If the programming has 
been completed, the voice control interface 108 enters a run mode 330. 

Figure 8 illustrates the operation of the voice control interface 108 in the run 
mode 330. The voice control interface 108 and, in particular, the voice recognition 
module 107 is adapted to continuously monitor audio input via the microphone 
assembly 105, in state 322. The voice recognition module 107 is capable of continuous 
listening wherein the voice recognition module 107 digitizes the audio input from the 
microphone assembly 105 and compares, in a known manner, the digitized sound 
patterns to those stored in on-board memory as voice commands 310 in the program 
mode 320. When the voice recognition module 107 recognizes a match, in decision 
state 324, the voice recognition module 107 sends a serial signal to the microcontroller 
142 corresponding to the recognized voice command 310 in state 326. 

In state 328, the microcontroller 142 matches the received serial signal for a 
voice command 310 with the corresponding remote control signal previously stored in 
non- volatile memory 144 in the program mode 320 in the manner previously described. 
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The voice control interface 108 then sends the remote control signal to be transmitted 
via the output signal transmitter 154 in the manner previously described. The voice 
control interface 108 then returns to listening state 322. 

It can be appreciated that the voice control interface 108 offers a program mode 
320 wherein the user can program voice commands 310 as desired and enable the user 
to control a replacement in-dash stereo 104 with voice commands 310. The voice 
control interface 108 can write over the programmed voice commands 310 thereby 
allowing the user to change voice commands 310 or to allow subsequent users to 
program the voice control interface 108 for their own voice patterns. It can be 
appreciated that by using voice commands 310 the driver need not divert his attention 
away from the task of driving and can thereby change the operation of the stereo while 
still driving in a safe manner. The voice control interface 108 allows a user to retrofit 
convenient voice controls in an economical manner to a vehicle that did not originally 
come equipped with remote controls for the stereo. 

Although the preferred embodiments of the present invention have shown, 
described and pointed out the fundamental novel features of the invention as applied to 
those embodiments, it will be understood that various omissions, substitutions and 
changes in the form of the detail of the device illustrated may be made by those skilled 
in the art without departing from the spirit of the present invention. Consequently, the 
scope of the invention should not be limited to the foregoing description but is to be 
defined by the appended claims. 
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